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(54) Process for the production of acetic acid 

(57) . In a process for the continuous production of 
acetic acid by feeding methanol and/or a reactive deriv- 
ative thereof and carbon monoxide to a carbonylation 
reactor wherein there is maintained a liquid reaction 
composition comprising methyl acetate, water, Group 
Vlll noble metal carbonylation catalyst, hydrocarbyl hal- 
ide co-catalyst, optionally at least one promoter, and 
acetic acid, the methyl acetate concentration In the liq- 



uid reaction composition is maintained at a pre-deter- 
mined value by monitoring the ratio of methanol and/or 
reactive derivative thereof to cart}on monoxide being 
converted to acetic acid and adjusting the methanol and/ 
or reactive derivative thereof feed rate in response 
thereto in a manner such that the methyl acetate con- 
centration Is maintained at the pre-determlned value. 
This can assist in reducing build up of methyl acetate in 
the reactor during periods of loss of activity. 
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Description 

[0001] The present invention relates In general to a 
process for the production of acetic acid and in particular 
to a process for the production of acetic acid by the car- 5 
bonylation of methanol and/or a reactive derivative 
thereof In the presence of a Group VIII noble metal cat- 
alyst and a hydrocarbyl halide co-catalyst. 
[0002] The production of acetic acid by the carbony la- 
tion of methanol and/or a reactive derivative thereof in io 
the presence of a Group VIII noble metal catalyst and a 
hydrocarbyl halide co-catalyst, optionally In the pres- 
ence of one or more promoters is well-known. Thus, 
processes using rhodium as the Group VIM noble metal 
catalyst are known from, for example, GB-A-1 ,233. 121; is 
EP-A-0384652; and EP-A-0391680. Processes using 
iridium as the Group VIII noble metal catalyst are known 
from, for example, GB-A-1234121: US-A-3772380; DE- 
A-1767150; EP-A-0616997: EP-A-0618184; EP-A- 
0618183; and EP-A-0657386. Processes using either 20 
rhodium or iridium as the Group VIII noble metals are 
operated on a commercial scale throughout the world. 
[0003] Howard et al in Catalysis Today, 18 (1993) 
325-354 describe rhodium and iridium catalysed carbo- 
nylation of methanol to acetic acid. The continuous rho- 2s 
dium-catalysed, homogeneous methanol carbonylation 
process is said to consist of three basic sections; reac- 
tion, purification and off-gas treatment. The reaction 
section comprises a reactor, operated at elevated tem- 
perature and pressure, and a flash vessel. Methanol and 30 
gaseous carbon monoxide are fed to the reactor where- 
in there is maintained a liquid reaction composition com- 
prising methyl acetate, water, rhodium or iridium cata- 
lyst, methyl iodide co-catalyst, optionally at least one 
promoter, and comprising the remainder of the compo- 3S 
sition acetic acid. Liquid reaction composition is with- 
drawn from the reactor and is passed through a flashing 
valve to the flash tank where the majority of the lighter 
components of the liquid reaction composition (methyl 
iodide, methyl acetate and water) together with product 40 
acetic acid are vaporised. The vapour fraction is then 
passed to the purification section whilst the liquid frac- 
tion (comprising the rhodium catalyst in acetic acid) is 
recycled to the reactor (see Figure 2 of Howard et al). 
. The purification section is said to comprise a first distil- 4S 
lation column (the light ends column), a second distilla- 
tion column (the drying column) and a third distillation 
column (the heavy ends column) (see Figure 3 of 
Howard et al). In the light ends column methyl iodide 
and methyl acetate are removed overhead along with so 
some water and acetic acid. The vapour is condensed 
and allowed to separate into two phases in a decanter, 
both phases being returned to the reactor. Wet acetic 
acid Is removed from the light ends column as a side 
draw and is fed to the drying column where water is re- ss 
moved overhead and an essentially dry acetic acid 
stream is removed from the base of the distillation zone. 
From Figure 3 of Howard et al it can be seen that the 



overhead water stream from the drying column is recy- 
cled to the reaction section. Heavy liquid by-products 
are removed from the base of the heavy ends column 
with product acetic acid being taken as a side stream. 
[0004] Not all the carbon monoxide which is fed to the 
reactor is carbonylated. the excess being vented from 
the reactor as high pressure vent and from the purifica- 
tion section as low pressure vent. These vents are com- 
bined after being scrubbed for removal of, for example 
methyl acetate and methyl Iodide, which are returned to 
the reactor, and the carbon monoxide content of the 
combined vent gas is measured. The carbon monoxide 
nnass flow out of the unit is then calculated. A simple 
subtraction of this number from the total carbon monox- 
ide fed gives a good indication of how much carbon 
monoxide is being used in the carbonylation. 
[0005] It has been found that In plant upsets where 
activity in the reactor has dropped off either quickly or 
over longer periods of time that the resulting imbalance 
in molar feed ratio causes operational problems due to 
increasing amounts of methyl acetate being created. 
This arises because, as the activity drops, the methanol 
feed remains at the same rate but the methyl acetate it 
creates on contact with acetic acid is not then consumed 
quickly enough by carbon monoxide due to the drop in 
activity. Thus, the methyl acetate builds in the reactor 
and consequently also in the decanter and thereby 
causes operational problems which can necessitate 
large feed rate cuts in order to recover control in the re- 
actor. Such production upsets can be expensive in 
terms of lost production. Another circumstance which 
can lead to operational problems Is that in which there 
is a carbon monoxide feed cut or loss due to supply 
problems. In this event there is a consequential methyl 
acetate build up due to the continued supply of methanol 
at the same rate. 

[0006] The problem sought to be solved by the 
present invention is that of controlling the methyl acetate 
concentration in the liquid reaction composition In the 
reactor and thereby avoiding the operational problems 
which can arise from build-up thereof in the reactor as 
described hereinabove. It has been found that the prob- 
lem can be solved by monitoring the ratio of methanol 
and/or reactive derivative thereof to carbon monoxide 
being converted to acetk; acid and controlling the feed 
rate of the methanol and/or reactive derivative thereof 
In response thereto. 

[0007] Accordingly, the present inventkjn provides a 
process for the continuous production of acetic acid by 
feeding methanol and/or a reactive derivative thereof 
and cart3on monoxide to a carbonylation reactor where- 
in there is maintained a liquid reaction composition com- 
prising methyl acetate, water. Group VIII noble metal 
carbonylation catalyst, hydrocarbyl halide coK:atalyst. 
optionally at least one promoter, and acetic acid, where- 
in the methyl acetate concentration in the liqukJ reaction 
composition is maintained at a pre-determined value by 
monitoring the ratto of methanol and/or reactive deriva- 
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live thereof to carbon monoxide being converted to ace- 
tic acid and adjusting the feed rate of the methanol and/ 
or reactive derivative thereof in response thereto in a 
manner such that the methyl acetate concentration is 
maintained at the pre-determined value. 
[0008] The ratio of methanol and/or reactive deriva- 
tive thereof to carbon monoxide being converted to ace- 
tic acid, hereinafter referred to as the Ratio Controller 
Process Value (R), is defined by the following relation- 
ship:- 



R=M/(C-0) 



(1) 



wherein 



M = Methanol and/or reactive derivative feed flow 
(molar), 

C = Carbon monoxide feed flow (molar), and 

O = Carbon monoxide in combined off-gas flow 

(molar). 

Under normal steady state njnning conditions the value 
of R should be substantially equal to unity. Under con- 
ditions whereby there is a loss of activity In the reactor, 
by for example a small fall in temperature or a change 
in water content, the value of R will increase above unity. 
The extent of this increase will determine the nature of 
the responsive action by way of adjustment of the meth- 
anol feed rate to be taken. 

[0009] The description which follows will be for con- 
venience confined to methanol as the feedstock, though 
it applies equally well to a methanol derivative. 
[0010] The methanol feed flow is controlled in re- 
sponse to the value of R, as calculated by a Methanol 
Ratio Controller, suitably by a Methanol Flow Controller, 
which functions in a manner such that (i) when R is less 
than a pre-determined value (X) the Methanol Ratio 
Controller does nothing other than supervise and set a 
non-restrictive set point limit on the Methanol Flow Con- 
troller Value, (ii) when R is equal to or greater than the 
pre-determined value (X) a computer calculation is ef- 
fected to determine what M would require to be to re- 
store the value of R to unity, which value is written by 
the Ratio Controller to the set point high limit on the 
Methanol Flow Controller, which In tum responds by re- 
ducing the Methanol Feed Flow until the value of R 
equals unity, and (iil) when R is equal to unity the Ratio 
Controller resumes its supen/ision until the next time R 
exceeds the pre-detemiined value whereupon the 
aforesaid cycle is repeated. 

[0011] The pre-detemfiined value (X) of the RatioCon- 
troller Process Value (R) may be any value desired, suit- 
ably a value in the range from 1.05 to 1.35, preferably 
from 1 . 1 0 to 1 .25. more preferably from 1 .10 to 1 .20. for 
example 1.15. 

[0012] The Methanol Ratio Controller, it may be not- 
ed, will never function to increase the Methanol Feed 



Flow; it will only ever cut the Flow in the event of activity 
loss in the reactor. During Initial plant start-up. when 
methanol is required to be fed quickly to the reactor, the 
Controller should be rendered inoperative. When the 

5 Controller is inoperative a maximum set point high limit 
is desirably written into the Methanol Flow Controller au- 
tomatically so as not to Inhibit methanol feed rates. 
[001 3] Although the relationship (1) is defined in molar 
terms, it is not absolutely necessary to do so. The vari- 

10 ous parameters may be expressed in terms other than 
molar if desired, for example volume or mass terms. It 
will be evident to the person skilled in the art that the 
threshold value of X will depend upon the basis for the 
definition of the ratio, R. 

IS [0014] The carbon monoxide feed flow, carbon mon- 
oxide flow in the off-gas and methanol feed flow are 
measured and used in determining the ratio R. Prefer- 
ably, the carbon monoxide feed flow is measured and 
used as a 10 minute rolling average. 
20 [001 5] There is fed to the carbonylation reactor meth- 
anol and/or reactive derivative thereof. Suitable reactive 
derivatives of methanol include methyl acetate, dimethyl 
ether and methyl halides, of which methyl iodide is pre- 
ferred. 

2S [001 6] Also fed to the cartDonylation reactor is carbon 
monoxide. The carbon monoxide reactant may be es- 
sentially pure or may contain inert impurities such as 
cari3on dk^xide, methane, nitrogen, noble gases, water 
and Ci to C4 paraffinic hydrocarbons. Hydrogen may be 

30 present or absent, preferably absent. The partial pres- 
sure of carbon monoxide may suitably be in the range 
from 1 to 70 barg, preferably from 1 to 35 barg, and more 
preferably 1 to 15 barg. 

[0017] There is maintained In the carbonylation reac- 
ts tor a liquid reaction composit'ion comprising methyl ac- 
etate, water, Group VIII noble metal carbonylation cat- 
alyst, hydrocarbyl haltde co-catalyst, optionally at least 
one promoter, and acetic acid. 
[001 8] Methyl acetate, besides being optionally fed to 
40 the carbonylation reactor, is fomied by esterification. It 
may suitably be present in the liquid reaction composi- 
tion in an anruDunt from 1 to 70% by weight, preferably 
from 1 to 35% by weight, more preferably 1 to 20% by 
weight. 

45 [0019] Water may be formed in situ In the carbonyla- 
tion reaction, for example by the esterification reaction 
between alcohol reactant and acetic acid product. W^ter 
may be introduced to the carbonylation reactor together 
with or separately from the other liquid reactants such 

so as esters, for example meihyl acetate. Water may be 
separated from reaction composition withdrawn from 
the reactor and recycled in controlled amounts to main- 
tain the required concentration in the carbonylation re- 
action composition. The concentration of water In the 

ss liquid carbonylation reaction composition may be at 
least 0. 1 % by weight. Typically, and depending upon the 
other components of the liquid reaction composition, the 
water concentration in the iiqukl carbonylation reactton 
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composition may be at least 0.1% by weight. Typically, 
and depending upon the other components of the liquid 
reaction composition, the water concentration In the liq- 
uid carbonylation reaction composition may be at least 
0. 1 % by weight and up to 30% by weight, preferably up s 
to 1 5% by weight, most preferably the water concentra- 
tion Is about 2 to 8% by weight. 
[0020] As regards the carbonylation catalyst, of the 
Group VIII nobfe metals rhodium and iridium are pre- 
ferred. The process of the invention is particularly appli- io 
cable to the use of an iridium catalyst because of the 
faster carbonylation rates generally achievable thereby 
and the correspondingly enhanced methyl acetate ac- 
cumulation accompanying an activity decrease. 
[0021] Where the catalyst is a rhodium carbonylation is 
catalyst, the reaction composition may contain any rho- 
dium-containing compound which is soluble in the liquid 
reaction composition. It may be added to the liquid car- 
bonylation reaction composition for the carbonylation 
reaction in any suitable form which dissolves in the liquid 20 
reaction composition or is convertible to a soluble form. 
Examples of suitable rhodium -containing compounds 
which may be added to the liquid reaction composition 
include [Rh{CO)2Cll2, [Rh(CO)2l]2. [Rh(Cod)CI]2. rho- 
dium (III) chloride, rhodium (III) chloride trihydrate. rho- 2S 
dium (III) bromide, rhodium (III) iodide, rhodium (III) ac- 
etate, rhodium dicarbonylacetylacetone, RhCIs (PPh3)3 
and RhCI(CO)(PPh3)2. 

[0022] Where the catalyst composition is an Iridium 
carbonylation catalyst, again the iridium compound may 30 
be added to the liquid carbonylation reaction composi- 
tion for the carbonylation reaction in any suitable form 
which dissolves in the liquid reaction composition or is 
convertible to a soluble form. 

[0023] Preferably the iridium may be used as a chio- 55 
ride free compound such as acetates which are soluble 
in one or more of the liquid reaction components, e.g. 
water and/or acetic acid and so may be added to the 
reaction as solutions therein. Examples of such iridium- 
containing compounds which may be added to the liquid 40 
reaction composition include lrCl3. Irig, UBr^, [lr(CO)2l]2 
[lr{CO)2CI]2. [lr(CO)2Br]2, [lr(CO)4l2l-H+. (1^ 
(CO)2Br2]-H+. [lr(CO)2l2rH+. [lr(CH3)l3(CO)2]-H+ Ir4 
(CO)i2. lrCl3.4H20. lrBr3.4H20. lr3(CO)i2. indium met- 
al. Ir203. 1 r02. Ir(acac) (CO)2. lr(acac)3, iridium acetate, 4S 
[lr30(OAC)e(H20)3][OAc] and hexachloroirldic acid Hg 
IlrCy, preferably chloride free complexes of iridium 
such as acetates, oxalates and acetoacetates. 
[0024] Preferably, the concentration of the catalyst in 
the liquid reaction composition is in the range of from 50 so 
to 5000 ppm by weight of metal, preferably 100 to 2500 
ppm by weight of metal. 

[0025] Where the catalyst composition comprises irid- 
ium, the composition may optionally comprise a metallic 
promoter. The metallic promoter may suitably be one or ss 
more of osmium, rhenium, ruthenium, cadmium, mercu- 
ry, zinc, gallium, indium and tungsten. Preferably, the 
promoter Is selected from ruthenium and osmium and 



most preferably is ruthenium. The promoter may com- 
prise any promoter metal-containing compound which 
is soluble In the liquid reaction compositions. The pro- 
moter may be added to the liquid reaction composition 
in any suitable form which dissolves in the liquid reaction 
composition or is convertible to soluble form. Preferably, 
the promoter may be used as chloride free compounds 
such as acetates which are soluble in one or more of 
the liquid reaction composition components e.g. water 
and/or acetic acid and so may be added to the reaction 
as a solution therein. 

[0026] Examples of suitable ruthenium-containing 
compounds which may be used as promoter include ru- 
thenium (III) chloride, ruthenium (111) chloride trihydrate. 
ruthenium (IV) chloride, ruthenium (III) bromide, ruthe- 
nium (III) iodide, ruthenium metal, ruthenium oxides, ru- 
thenium (III) fomnate. [Ru(CO)3l3]-H+, tetra(aceto)chto- 
roruthenlum(ll, III), ruthenium (III) acetate, mthenlum 
(III) propionate, ruthenium (III) butyrate, ruthenium pen- 
tacarbonyl, trirutheniumdodecacarbonyl and mixed ru- 
thenium halocarbonyls such as dichlorotricarbonylru- 
thenium (II) dimer, dibromotricarbonylruthenium (11) 
dimer. and other organoruthenium complexes such as 
tetrachlorobis{4-cymene)diruthenium(ll), tetrachlorobis 
(benzene)diruthenium(ll), dichloro(cycloocta-1 .5-di- 
ene)ruthenium (II) polymer and tris(acetylacetonate)ru- 
thenium (111). 

[0027] Examples of suitable osmium-containing com- 
pounds which may be used as sources of co-promoter 
include osmium (III) chloride hydrate and anhydrous, 
osmium metal, osmium tetraoxide, triosmiumdo- 
decacarbonyl, pentachloro-jx-nitrododiosmium and 
mixed osmium halocarbonyls such as tricari3onyldichlo- 
roosmium (II) dimer and other organoosmium complex- 
es. 

[0028] Examples of suitable rhenium-containing com- 
pounds which may be used as sources of co-promoter 
include Re2(CO)io. Re(CO)5CI. Re(CO)5Br. Re(CO)5l. 
ReCL3.xH20 ReClg.yHaO and t{ReCO)4l)2]- 
[0029] Examples of suitable cadmium-containing 
compounds which may be used as sources of co-pro- 
moter include Cd(OAc)2, Cdl2. CdBr2, CdClg, Cd(OH)2. 
and cadmium acetylacetonate. 
[0030] Examples of suitable mercury-containing com- 
pounds which may be used as sources of co-promoter 
include Hg(OAc)2. Hgig, HgBrg. HgClg, Hgalg. and 
Hg2Cl2. 

[0031] Examples of suitable zinc-containing com- 
pounds which may be used as sources of co-promoter 
include 2n(OAc)2, 2n(OH)2, Znlg, ZnBrg, ZnCl2. and 
zinc acetylacetonate. 

[0032] Examples of suitable gallium-containing com- 
pounds which may be used as sources of co-promoter 
include gallium acetylacetonate, gallium acetate, 
GaClg, GaBrs. Galg, GagC^ and Ga(OH)3. 
[0033] Examples of suitable Indium-containing com- 
pounds which may be used as sources of co-promoter 
include Indium acetylacetonate. Indium acetate, InClQ. 
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InBrg. Inig, Inl and In(OH)3. 

[0034] Examples of suitable tungsten-containing 
compounds which may be used as sources of co-pro- 
moter Include W(CO)6. WCI4. WCIq. WBrg. WI2, or 
C9HI 2 W(CO)3 and any tungsten chloro-, bromo- or lo- s 
do-carbonyl compound. 

[0035] Preferably, the promoter-containing com- 
pounds are free of impurities which provide or generate 
in-situ ionic iodides which may inhibit the reaction, for 
example, alkali or alkaline earth metal or other metal 10 
salts. 

[0036] Preferably, the promoter is present in an effec- 
tive amount up to the limit of its solubility in the liquid 
reaction compositions and/or any liquid process 
streams recycled to the carbonylation reaction zones is 
from the acetic acid recovery stage. The promoter is 
suitably present in the liquid reaction compositions at a 
molar ratio of each promoter (when present): iridium In 
the range 0.1 : 1 to 100 :1, preferably In the range 1 : 1 
to 10 : 1. The beneficial effect of a promoter such as 20 
ruthenium has been found to be greatest at the water 
concentration which gives the maximum carbonylation 
rate at any defined methyl acetate and methyl Iodide 
concentration. A suitable promoter concentration is 400 
to 7000 ppm. 2S 
[0037] Using rhodium as the carbonylation catalyst 
the use of Iodide promoters is preferred. Both inorganic 
and organic iodides may be employed. Suitable inor- 
gank: iodides include alkali metal and alkaline earth met- 
al kxJides. A preferred metal kxiide Is lithium iodkie. The 30 
iodides may be added as such or in the form of salts, for 
example carboxylate salts, such as acetates, which are 
convertible to iodides under the carbonylation condi- 
tions. Alternatively, organic iodides, suitably selected 
from quaternary ammonium, pyridinlum and picolinium 55 
iodides may be employed. 

[0038] There is employed as co-catalyst in the liquid 
reaction composition a hydrocarbyl hallde. The hydro- 
carbyt halide may be an iodide or a bromide and is pref- 
erably an iodide. Preferably the co-catalyst is an alkyi 40 
iodide, more preferably methyl iodide. A suitable coK^at- 
alyst concentration in the Iquid reaction composition is 
In the range from 1 to 30% by weight, more preferably 
1 to 20% by weight. 

[0039] The total pressure of the carbonylation proc- 4S 
ess is suitably in the range 10 to 100 barg. The temper- 
ature at which the carbonylation process is operated Is 
suitably in the range from 100 to 300*C, preferably in 
the range from 150 to 220^*0. 

[0040] An advantage of the process of the present in- so 
vention is that minor upsets on the plant, such as a small 
temperature deviation, do not lead to larger composi- 
tional problems. 

[0041] The invention will now be described by way of 
example only and with reference to the drawing which ss 
shows a schematic representation of the methanol and 
carbon monoxide feed flow monitors and controllers to 
a liquid phase carbonylation reactor. The description 



which follows will be for convenience confined to meth- 
anol as the feedstock, though it applies equally well to 
a methanol derivative. 

[0042] Referring to the drawing, a carbonylation reac- 
tor (1 ) is provided with an inlet for methanol reactant (2) 
and an Inlet for carbon monoxide reactant (3). The car- 
bon monoxide inlet is provided with a flow rate monitor 
(5) connected through signal line (6) to a flow Indicator 
controller (7). The methanol inlet (2) Is provided with a 
supply of methanol through flow control valve (8) and 
has a flow rate monitor (9) connected through signal line 
(1 0) to a flow indicator controller (1 1 ). 
[0043] A flow rate monitor (1 2) is provided to measure 
the flow of off-gas from the carbonylation reactor after it 
has passed through absorbers (not shown) to remove 
organic components. The off-gas flow rate monitor (12) 
is connected through signal line (13) to a fk>w rate cal- 
culator (1 4). This catoulator is also provided with a signal 
line (15) to receive signals from the carbon monoxide 
feed rate controller (7) and with a signal line (16) to re- 
ceive signals from the methanol feed rate monitor (9). 
[0044] Logk: controller (17) is provided with signal 
lines (18). (19) and (20) from the calculator (14). 
[0045] In use, the methanol feed flow is measured by 
monitor (9) passed through signal line (16) to the calcu- 
lator (14) which calculates the molar flow rate. The car- 
bon monoxide feed and off-gas flows are measured by 
monitors (5) and (12) respectively and the flow rates 
passed through signal lines (15) and (13) respectively 
to calculator (14) which calculates the molar carbon 
monoxide consumption. Calculator (1 4) then calculates 
the ratio R of methanol feed flow divided by carbon mon- 
oxide consumed and sends the result along signal line 
(20) to logical controller (17). The calculator (14) also 
calculates the required methanol feed flow which would 
be required to give ratios R of 1 and 1.15 and send these 
signals to logic controller (17) down signal lines (19) and 
(18) respectively. 

[0046] If the ratio R is greater than a predetermined 
value X. for example 1.15, the togic controller (17) sends 
a signal along signal line (21 ) to the methanol flow indi- 
cator controller (11 ) to set the setpoint high limit to a val- 
ue required to reduce the ratio R to 1 , received from cal- 
culator (14) along line (19). These signals are main- 
tained until the calculated value of R fails to 1 or less 
when the logical controller sends a signal to the metha- 
nol flow indicator controller to set the setpoint high limit 
to a value which would give an R of 1 . 1 5. received from 
calculator (1 4) along signal line (20). In this way, the flow 
of methanol to the carbonylation reactor is limited in con- 
ditions when the reactivity of the system is reduced. 
[0047] The logic controller is also provided with 
means (22) for manually overriding the system if re- 
quired. 



5 



9 



EP 1 0Q2 785 A1 



10 



Claims 

1. A process for the continuous production of acetic 
acid by feeding methanol and/or a reactive deriva- 
tive thereof and carbon monoxide toa carbonylation 
reactor wherein there is maintained a liquid reaction 
composition comprising methyl acetate, water, 
Group VIII noble metal carbonylation catalyst, hy- 
drocarbyl halide co-catalyst, optionally at least one 
promoter, and acetic acid, wherein the methyl ace- 
tate concentration in the liquid reaction composition 
is maintained at a pre-determined value by monitor- 
ing the ratio of methanol and/or reactive derivative 
thereof to carbon monoxide being converted to ace- 
tic acid and adjusting the feed rate of the methanol 
and/or reactive derivative thereof in response there- 
to in a nnanner such that the methyl acetate concen- 
tration is maintained at the pre-determined value. 

2. A process as claimed in claim 1 in which the meth- 
anol feed flow Is controlled in response to a value 
of R, as calculated by a Methanol Ratio Controller, 
wherein 



7. A process as claimed in any one of claims 3 to 6 in 
which during start-up, when methanol is required to 
be fed quickly to the reactor, the Controller is ren- 
dered inoperative and a maximum set point high 
limit is written into the Methanol Flow Controller au- 
tomatically so as not to inhibit methanol feed rate. 

8. A process as claimed in any one of the preceding 
claims in which the Group VIII noble metal carbon- 
ylation catalyst is rhodium or iridium. 

9. A process as claimed In claim 8 in which the Group 
VIII noble catalyst is iridium and the optional pro- 
moter is elected from the group consisting of ruthe- 
nium, osmium, rhenium, cadmium, mercury, zinc, 
gallium, indium, tungsten and mixtures thereof. 

10. A process as claimed in any one of the preceding 
claims in which methyl acetate is present in the liq- 
uid reaction composition in an amount from 1 to 70 
% by weight. 
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IS 



R = M/(C - O) (I) 

wherein 

M = Methanol and/or reactive derivative feed 30 

flow (molar). 

C = Carbon monoxide feed flow (molar), and 
O = Carbon monoxide In combined off-gas flow 
(molar). 

3S 

3. A process as claimed in claim 2 in which the Meth- 
anol Flow Controller, functions in a manner such 
that when R is equal to or greater than a pre-deter- 
mined value (X) a computer calculation is effected 

to determine what M would require to be, to restore 40 
the value of R to unity, which value is written by the 
Ratio Controller to the set point high limit on the 
Methanol Flow Controller, which in turn responds 
by reducing the Methanol Feed Flow until the value 
of R equals unity. 4S 

4. A process as claimed in claim 3 in which when R is 
less than the pre-determined value (X) the Metha- 
nol Ratio Controller sets a non-restrictive set point 
limit on the Methanol Flow Controller Value. so 

5. A process as claimed in claim 3 or claim 4 in which 
X is in the range from 1 .05 to 1 .35. 

6. A process as claimed in claim 5 in which X is in the ss 
range 1.10 to 1.25. preferably in the range 1.10 to 
1,20. 
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